Background -There is widespread concern that the cultivation of oilseed rape leads to seasonal epidemics of respiratory symptoms in populations living in the neighbourhood, and it has been suggested that the plant is a potent allergen. A study was therefore undertaken to determine equally in the two areas in approximately 25% of the population. There were small but significant excesses of cough, wheeze, and headaches in spring in the oilseed rape area (2-3% v 1-1%, 6-8% v4-6%, and 4.8% v 2-8%, respectively), and cough, wheeze, and itchy skin were more prevalent in smokers. Counts of oilseed rape pollen were generally low except adjacent to fields, and counts of fungal spores were mostly higher in the rape than the nonrape areas. Oilseed rape was shown to give off terpenes and these were detected close to fields.
4.8% v 2-8%, respectively), and cough, wheeze, and itchy skin were more prevalent in smokers. Counts of oilseed rape pollen were generally low except adjacent to fields, and counts of fungal spores were mostly higher in the rape than the nonrape areas. Oilseed rape was shown to give off terpenes and these were detected close to fields.
Conclusions -While it is likely that a proportion of the spring symptoms occurring in people living in close proximity to oilseed rape is caused by the plant, the excess of such symptoms is small. This, together with the low levels of pollen in the area, suggests that allergy to oilseed rape pollen is uncommon. The general prevalence of seasonal symptoms in rural areas is of interest, and a proportion of these cases is likely to be caused by factors other than allergy. Release of chemicals by plants and natural rises in summer ozone levels may be contributors. (Thorax 1994; 49:352-356) The area of oilseed rape cultivation increased in the United Kingdom from 6500 hectares in 1968 to 421100 hectares in 1992. Over 85% is the species Brassica napus which is sown in winter and starts to flower, in north east Scotland, during late April for a period of six weeks. Brassica campestris, sown in spring, flowers in mid June. The crop is normally harvested in August and September and the oil produced from crushing the seed is used as a source of vegetable oil.
Many doctors have been consulted by patients who attribute seasonal eye and respiratory symptoms to local cultivation of oilseed rape. While true allergy and IgE mediated reactions to extracts of the pollen have occasionally been found,'-3 most such patients do not have evidence of this. As oilseed rape is largely insect pollinated and gives off a number of chemicals, at least partly acting as insect attractants,45 it is possible that these, rather than pollen, are the cause of the symptoms. We have carried out a study of seasonal symptoms and airborne allergens and chemicals in relation to oilseed rape cultivation in north east Scotland.
Methods

CROSS SECTIONAL SURVEY
The study population comprised 2000 individuals identified from the lists of general practitioners in the study areas. Five hundred individuals were selected from each of two practices situated in areas densely planted with oilseed rape and 1000 from a general practice in a similar rural agricultural area but where very little oilseed rape is grown. Equal numbers of men and women between the ages of 14 and 50 were randomly selected from each area. After approval had been sought from the general practitioners and the local ethical committee, subjects were invited by letter to attend for an appointment. A questionnaire was administered either by trained clerks or by one of the authors. Non-responders were sent reminders. Those unable to attend were either visited at home or interviewed over the telephone. Each subject was contacted if necessary at least twice by letter and at least three attempts were made to contact them by telephone. Finally, those who could not be con-tacted in any other way were sent the questionnaire by post and asked to complete and return it. Individuals who had moved away from the area or died were replaced by randomly chosen individuals of the same age and sex. The study was carried out between October 1989 and September 1992.
QUESTIONNAIRE DESIGN
The questionnaire was designed to identify symptoms of a seasonal nature and possible exacerbating factors. The main questions were those used in a study in the wool industry, in which they had been validated against the external standard of dust exposure.6 The questions were designed to determine the presence or absence over the previous two years of allergic or irritant symptoms; supplementary questions were intended to determine the seasonality of such symptoms, if present. In addition to questions on rhinitis, conjunctivitis, There was no significant difference in the numbers completing the questionnaire by interview, telephone, or post between the two areas. The characteristics of the samples are shown in tables 1 and 2; there were differences in occupational make-up, with fewer agricultural workers and more students in the nonoilseed rape area, but otherwise the populations were very similar. Table 3 shows the overall prevalence of all symptoms, seasonal and non-seasonal. There were significant differences only for rhinitis which had a significantly higher prevalence in On the six relatively high rape pollen count days the predominant airborne particles were mould spores, especially hyaline ascospores, Leptosphaeria, Cladosporium, Sporobolomyces, Tilletiopsis, and Ustilago spp. In 1990 sampling in the two villages showed very low concentrations of oilseed rape pollen in both, a peak of 99 grains/mi occurring on one day in May in the oilseed rape area (fig 1) . Highest counts were observed in the oilseed rape area during the second and third weeks of May, and in the non-oilseed rape area during the third week in May. In general, however, oilseed rape pollen was observed on very few occasions and in small amounts in both areas. Other predominant pollens were birch and pine in the oilseed rape area and birch, cedar, and pine in the non-oilseed rape area, with counts for birch and pine being much higher in the non-oilseed rape area. Among the predominant spores recorded, counts of Cladosporium, Sporobolomyces, and Tilletiopsis were generally higher in the oilseed rape than non-oilseed rape areas (fig 2) . Counts of Leptosphaeria and Pullularia were roughly similar at both sites. The number of basidiospores recorded was similar at both sites, apart from the end of April and beginning of May when counts were very much higher in the oilseed rape area. Although Alternaria and Botrytis are among the major pathogens of oilseed rape, they were recorded only on very few occasions and in very low numbers at both sites.
Sampling over a field of oilseed rape for chemicals during the 1992 season revealed the presence of terpenes, predominantly pinene, sabinene, and limonene. Other terpenes and aromatics were present but not identified. Peak levels recorded were 12 .pg/m' for pinene, 2 gg/M3 for sabinene, and 2-6 jig/M3 for limonene.
Discussion
The rapid increase in cultivation of oilseed rape in the United Kingdom, together with the commonly expressed opinion that the plant is responsible for serious outbreaks of allergic symptoms,7 made it essential to carry out this study. In planning it we were aware of possible bias, since there had been widespread media Figure 1 Oilseed rape pollen counts in oilseed rape (OSR) and non-oilseed rape (NOSR) villages, 1990. 22 6 interest in the association of the crop with disease. We carried out our survey in the autumn and winter months and were careful to avoid any reference to oilseed rape in the information given to participants; nevertheless, it is likely that some subjects, especially those in the oilseed rape area which was literally surrounded by the plant, would realise our purpose. It was not our intention to show that oilseed rape can cause allergic sensitisation. This is already established'-' and we have seen it in an individual working with the plant in a research setting. Rather, we intended to investigate whether, as had been claimed, it was responsible for epidemic illness. We therefore compared the prevalence of seasonal symptoms in OSR NOSR oilseed rape and non-oilseed rape villages and measured pollen and spore levels in those areas. In addition, because our clinical encounters with patients complaining of oilseed rape "allergies" had indicated that they were usually transient irritant-type symptoms, we set out to investigate the chemical emissions of the plant.
The epidemiological survey produced a surprising result in that there were few systematic differences in seasonal symptoms between oilseed rape and non-oilseed rape villages. In general it is clear that spring/summer symptoms are frequent in rural areas and are attributed by the sufferers to local vegetation. Since many of these individuals develop symptoms well before the grass pollen season, classical hayfever is the explanation of only a proportion. Indeed, in a small case-control study only eight of 17 people from the oilseed rape area with spring symptoms had positive skin or RAST tests to common and local allergens; in only one case was there a positive RAST to oilseed rape.8 Nevertheless, the higher prevalence of spring wheeze, cough, and headaches in the oilseed rape area suggests that a proportion of these symptoms may be attributable to something associated with oilseed rape cultivation.
These studies suggest that true allergy to oilseed rape is relatively uncommon, and others in our area have come to the same conclusion.9 Nevertheless, many people undoubtedly notice symptoms which they attribute to proximity to the plant and it is reasonable to suppose that this is responsible for a proportion of the positive responses in the oilseed rape villages. The lack of striking differences from the non-oilseed rape village may be explained by the possibility that other allergic and irritant substances are also released by local vegetation in that area. Several possible explanations for these ubiquitous summer symptoms suggest themselves, apart from the well recognised grass and tree pollens. Fungal spores occur in high concentrations in rural air in the summer, though we have found no example of fungal allergy in the small study mentioned above.8 This seems an unlikely explanation of widespread symptoms. More likely is the possibility of chemical irritation or, possibly, allergy.
The metabolic processes of plants produce chemicals and oilseed rape has developed the ability to produce terpenes, simple cyclic organic chemicals, as attractants to pollinating insects.45 These substances are also produced by pine trees and are present in cut grass.0'42 They are locally irritant to mucous membranes and may cause skin sensitisation, as when turpentine allergy occurs. '3 In at least one case small quantities released from rubber gloves have provoked attacks of asthma.'4 It is plausible that these substances cause nasal and eye symptoms in people close to oilseed rape and, since they are also produced by pine trees, in other areas as well. We have been able to demonstrate the production of terpenes by oilseed rape. Organic compounds produced by plants, including terpenes, take part in a series of complex chemical changes in the atmosphere which are driven by sunlight. These reactions produce condensation molecules which are responsible for the blue haze seen in summer over vegetated land and mountainscapes.'5 Downwind of oilseed rape fields it is likely that other irritant molecules, including aldehydes and ultimately ozone, will be formed. While these are unlikely to cause symptoms adjacent to fields, they will undoubtedly contribute to the overall irritancy of air in country districts.
In conclusion, we believe that our studies have shown seasonal spring/summer symptoms to be widespread in rural areas, but not significantly more common in relation to oilseed rape cultivation. The plant produces little airborne pollen, and symptoms attributed to it are likely to be irritant, probably caused by volatile organic compounds released by the plant. The causes of these summer symptoms require further investigation; allergy is unlikely to be the only factor.
